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DOCUMENT-IDENTIFIER: US 20030225495 Al 
TITLE: Complete vehicle control 

Pre-Grant Publication (PGPub) Document Number : 
20030225495 

CLAIMS : 

1. A method of controlling a vehicle comprising: inputting an intended driving 
demand to a vehicle motion control subsystem, the intended driving demand 
requesting a vehicle behavior modification; proving a plurality of coordinator 
subsystems; providing at least one actuator control subsystem for each coordinator 
subsystem; outputting actuator capabilities of the at least one actuator control 
subsystem to an associated one of the plurality of coordinator subsystems; 
outputting coordinator capabilities of each coordinator subsystem to the vehicle 
motion control subsystem; calculating at least one coordinator demand signal with 
the vehicle motion control subsystem, the at least one coordinator demand signal 
being determined according to the coordinator capabilities and the intended driving 
demand; outputting the at least one coordinator demand signal to at least one of 
the coordinator subsystems; calculating at least one actuator demand signal with 
each of the at least one of the coordinator subsystems, the at least one actuator 
demand signal being determined according to the actuator capabilities and the at 
least one coordinator demand signal outputted to the at least one of the 
coordinator subsystems; and outputting the at least one actuator demand signal to 
the at least one actuator control subsystem; wherein a combination of each at least 
one actuator demand signal provides directions for the at least one actuator 
control subsystem to perform the vehicle behavior modification of the intended 
driving demand. 

2. The method of controlling a vehicle of claim 1, further comprising: receiving at 
least one driver input from a driver of the vehicle; providing at least one active 
assist program having at least one active input, the at least one active assist 
program having an on setting wherein the at least one active assist program outputs 
at least one active input and an off setting wherein the at least one active assist 
program does not output at least one active input; and receiving at least one 
active input from the at least one active assist program if the at least one active 
assist program is in the on setting; wherein a combination of the at least one 
driver input and the at least one active input define the intended driving demand 
if the at least one active assist program is in the on setting and if the driver of 
the vehicle does not override the at least one active assist program; and wherein 
the at least one driver input defines the intended driving demand if the at least 
one active assist program is in the off setting or the driver of the vehicle 
overrides the at least one active assist program, 

15. A method of controlling a vehicle comprising: receiving at least one driver 
input from a driver of the vehicle; providing at least one active assist program 
having at least one active input, the at least one active assist program having an 
on setting wherein the at least one active assist program outputs at least one 
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active input and an off setting wherein the at least one active assist program does 
not output at least one active input; inputting an intended driving demand for 
implementing a vehicle behavior modification into a vehicle motion control 
subsystem; proving an implementation subsystem; and outputting at least a portion 
of the intended driving demand from the vehicle motion control subsystem to the 
implementation subsystem; wherein the intended driving demand is derived from a 
combination of the at least one driver input and the at least one active input if 
the at least one active assist program is in the on setting and if the driver of 
the vehicle does not overrule the at least one active assist program, otherwise the 
intended driving demand is derived from the at least one driver input. 
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ART-UNIT: 361 

PRIMARY-EXAMINER: Louis- Jacques ; Jacques H. 
ATT Y-AGENT- FIRM: Russell; John D. 



ABSTRACT : 

A speed control method for vehicles having an internal combustion engine smoothly 
controls engine torque to control vehicle speed. Torque is controlled via airflow 
in a first torque control range. Torque is controlled via a coordination of 
air/fuel ratio, ignition timing, and cylinder deactivation is a second torque 
control range. The torque range is selected based on the required airflow to 
deliver the required torque. If the required airflow is less than a lower allowable 
value, then the airflow is fixed at this lower allowable value and the second range 
is selected. Otherwise, the first range is selected. 

19 Claims, 6 Drawing figures 



Previous Doc Next Doc Go to Doc# 



http://jupiter2:9000/bin/gate.exe?f=doc&state=8hiagc.31.5&ESNAME=FRO&p_^^ 8/29/06 



Record Display Form 



Page 1 of 2 



First Hit 



Previous Doc Next Doc 
□ 



Go to Doc# 



Generat%X<pllection ; 



L25: Entry 1 of 5 



File: PGPB 



Dec 4, 2003 



PGPUB-DOCUMENT-NUMBER: 20030225495 
PGPUB-FILING-TYPE: new 

DOCUMENT-IDENTIFIER: US 200302254 95 Al 



TITLE: Complete vehicle control 
PUBLICATION-DATE: December A, 2003 



INVENTOR-INFORMATION: 
NAME 

Coelingh, Erik 
Ekmark, Jonas 
Andersson, Mats 



CITY 

Olof storp 
Olof storp 
V. Frolunda 



STATE 



COUNTRY 

SE 

SE 

SE 



ASSIGNEE-INFORMATION : 
NAME 

Ford Global Technologies, Inc. 



CITY 
Dearborn 



STATE COUNTRY 
MI 



TYPE CODE 
03 



APPL-NO: 10/063953 [PALM] 
DATE FILED: May 29, 2002 



INT-CL-PUBLISHED: [07] G06F 19/00 



INT-CL-CURRENT: 
TYPE IPC 
CI PS B62 D 6/00 
CIPS B60 G 17/015 



DATE 

20060101 
20060101 



CIPS B60 G 17/ 0195 20060101 

US-CL-PUBLISHED: 701/48; 701/37, 701/41, 701/70 
US-CL-CURRENT : 701/48; 701/37, 701/41, 701/70 



REPRESENTATIVE-FIGURES : lA 



ABSTRACT: 



A vehicle control system (10) including a vehicle motion control subsystem (12) 
that has an input receiving an intended driving demand (14) and a plurality of 
coordinator subsystems (16) for coordinating actuators of the vehicle . The vehicle 
motion control subsystem (12) communicates with the coordinator subsystems (16) to 
determine whether a single coordinator subsystem (16) can carry out the intended 
driving demand (14). The vehicle motion control subsystem (12) will distribute 
demand signals among one or more of the coordinator subsystems (16) to allow the 
vehicle to implement the intended driving demand (14). 
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DOCUMENT-IDENTIFIER: US 20030225495 Al 
TITLE: Complete vehicle control 



Pre-Grant Publication (PGPub) Document Number : 
20030225495 



Summary of Invention Paragraph : 

[0003] Heretofore, total control structures for motor vehicles have included 
coordinating elements which co^j^^J^^^^omman^f rom ^Jt^^^g^ hierarchical level i nto 
commands for elements of a lower hxe^rcn^a^ievel . The contents of the commands, 
rich ' ""^^"""""""^^ 



?TOf^!59^^^!^^So^y^f^TT?^TiT^archical structure, define 
physical variables that determine the interfaces between the individual 
hierarchical levels. The command flow is on^^from a Jji^her hierarchical level to a 
lower hierarch ic al level. U.S. Pat. Nos . ^^^^Ty^T^and 6, 154, 688 disclose control 
■*9?W!!!^^nef^?f^^!^^!8rfimand flows only from the higher hierarchical level to the 
lower hierarchical level. However, the aforementioned control systems do not revise 



their commands to the lower hierarchical levels when the actuators being commanded 
by the lower hierarchical levels cannot carry out the commands. 

Summary of Invention Paragraph : 

[0005] One aspect of the present invention is to provide a method of controlling a 
vehicle. The method includes the step of inputting an intended driving demand to a 
vehicle motion control subsystem, with the intended driving demand requesting a 
vehicle behavior modification. The method also includes the steps of proving a 
plurality coordinator subsystems, providing at least one actuator control subsystem 
for each coordinator subsystem, outputting actuator capabilities of the at least 
one actuator control subsystem to an associated one of the plurality of coordinator 
subsystems, and outputting coordinator capabilities of each coordinator subsystem 
to the vehicle motion control subsystem. The method further includes the step of 
calculating at least one coordinator demand signal with the vehicle motion control 
subsystem, with the at least one coordinator demand signal being determined 
according to the coordinator capabilities and the intended driving demand. The 
method also includes the step of outputting the at least one coordinator demand 
signal to at least one of the coordinator subsystems. The method further includes 
the step of calculating the at least one coordinator demand signal with each of the 
at least one of the coordinator subsystems, with the at least one actuator demand 
signal being determined according to the actuator capabilities and the at least one 
coordinator demand signal. The method also includes the step of outputting the at 
least one actuator demand signal to the at least one actuator control subsystem. A 
combination of each at least one actuator demand signal provides directions for the 
at least one actuator control subsystem to perform the vehicle behavior 
modification of the intended driving demand. 

Summary of Invention Paragraph : 

[0006] Another aspect of the present invention is to provide a vehicle control 
system comprising a vehicle motion control subsystem, a plurality of coordinator 
subsystems and at least one actuator control subsystem. The vehicle motion control 
subsystem has a control input and a control output, with the control input 
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communicating an intended driving demand to the vehicle motion control subsystem. 
The intended driving demand requests a vehicle behavior modification. Each 
coordinator subsystem includes a coordinator input and a coordinator output, with 
each coordinator subsystem communicating coordinator capabilities of the 
coordinator subsystem to the system input of the vehicle motion control subsystem. 
At least one actuator control subsystem is provided for each coordinator subsystem. 
Each actuator control subsystem has an actuator output communicating actuator 
capabilities of the actuator control subsystem to the coordinator input of an 
associated one of the plurality of coordinator subsystems. The vehicle motion 
control subsystem calculates at least one coordinator demand signal, with the at 
least one coordinator demand signal being determined according to the coordinator 
capabilities and the intended driving demand. The vehicle motion control subsystem 
also outputs the at least one coordinator demand signal to the coordinator input of 
at least one of the coordinator subsystems. Furthermore, each coordinator subsystem 
calculates at least one actuator demand signal, with the at least one actuator 
demand signal being determined according to the actuator capabilities and the at 
least one coordinator demand signal. Additionally, each coordinator subsystem 
outputs the at least one actuator demand signal to at least one actuator control 
subsystem. A combination of each at least one actuator demand signal provides 
directions for the at least one actuator control subsystem to perform the vehicle 
behavior modification of the intended driving demand. 

Detail Description Paragraph ; 

[0017] Referring to FIG. lA, reference number 10 generally designates a first 
portion of a vehicle control system embodying the present invention. In the 
illustrated example, the first portion 10 of the vehicle control system includes a 
vehicle motion control subsystem 12 that has an input receiving an intended driving 
demand 14 and a plurality of coordinator subsystems 16 for coordinating actuators 
of the vehicle. The vehicle motion control subsystem 12 communicates with the 
coordinator subsystems 16 to determine the capabilities of the coordinator 
subsystems 16 for carrying out the intended driving demand 14. The vehicle motion 
control subsystem 12 will distribute demand signals among one or more of the 
coordinator subsystems 16 to allow the vehicle to implement the intended driving 
demand 14. 

Detail Description Paragraph : 

[0018] In the illustrated example, the vehicle control system comprises a hierarchy 
including five tiers of control levels for controlling vehicle behavior 
modifications. FIG. lA illustrates the input from the top two control tiers and the 
bottom three control: tiers. The third level control tier includes the vehicle 
motion control subsystem 12 for overall control of the six degrees of motion of the 
vehicle. The top two control tiers produce the intended driving demand 14 that is 
input into the vehicle motion control subsystem 12, The fourth level control tier 
includes th e^coordinator subsyste rrisl6.jThe coordinator subsystems can include a 
steering co<m^^^^rs0^s^i ^9&l^f ^^^^controllinq steering of the vehicle, a drive 
train and braJces^WPdinator subsystem 20 for controlling a drive train and brakes 
of the vehicle, and a suspension coordinator subsystem 22 for controlling a 
suspension of the vehicle. All of the coordinator subsystems 16 of the fourth level 
control tier communicate with the vehicle motion control subsystem 12. The fifth 
level control tier includes ac tuator co ntrol s ubsy s tems 26 for controlling 
indivi^al^^ i n and 

actuator control subsystem 26 communicates with one of the coordinator subsystems 
16. 

Detail Description Paragraph : 

[0022] In the illustrated example, the coordinator subsystems 16 communicate with 
the vehicle motion control subsystem 12 for receiving inputs for carrying out the 
intended driving demand 14. The coordinator subsystems 16 preferably include the 
steering coordinator subsystem 18, the drive train and brakes coordinator subsystem 
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20, and the suspension coordinator subsystem 22. Each of the coordinator subsystems 
16 include an input that receives a signal from the vehicle motion control 
subsystem 12 commanding the coordinator subsystem 16 to implement a particular 
vehicle behavior modification. Therefore, the steering coordinator subsystem 18 
receives a steering behavior modification demand signal conveying a steering 
behavior modification demand from the vehicle motion control subsystem 12. The 
steering behavior modification demand instructs the steering coordinator subsystem 
18 to make a steering behavior modification (e.g., steer the vehicle in a certain 
lateral direction) . Likewise, the drive train and brakes coordinator subsystem 20 
receives a drive train and brakes behavior modification demand signal conveying a 
drive train and brakes behavior modification demand from the vehicle motion control 
subsystem 12. The drive train and brakes behavior modification demand instructs the 
drive train and brakes coordinator subsystem 20 to make a drive train and brakes 
behavior modification (e.g., move the vehicle in a certain longitudinal direction). 
Moreover, the suspension coordinator subsystem 22 receives a suspension behavior 
modification demand signal conveying a suspension behavior modification demand from 
the vehicle motion control subsystem 12. The suspension behavior modification 
demand instructs the suspension coordinator subsystem 22 to make a suspension 
behavior modification (e.g., manipulate the vehicle in a certain vertical (heave) 
direction) . Each behavior modification demand of the coordinator subsystems 16 can 
also affect the motion of the vehicle in other directions. For example, the 
steering coordinator subsystem 18 can affect the yaw motion of the vehicle by 
turning the front wheels of the vehicle and can affect the roll motion of the 
vehicle by turning (thereby causing the side of the vehicle with the smaller 
turning radius to roll upward) . As additional examples, the drive train and brakes 
coordinator subsystem 20 can affect the yaw motion by braking only one side of the 
vehicle and the suspension coordinator subsystem 22 can affect the longitudinal 
motion of the vehicle by altering the suspension of the vehicle to provide for 
improved traction. Furthermore, as discussed in more detail below, each coordinator 
subsystem 16 also provides an output to the vehicle motion control subsystem 12 for 
communicating capabilities of the coordinator subsystems 16. The capabilities of 
the coordinator subsystems 16 are the combination of the actuator control 
subsystems 26 communicating with an associated coordinator subsystem 16. Although 
three coordinator subsystems 16 are shown and described herein, it is contemplated 
that any number of coordinator subsystems 16 can be used in the vehicle control 
system. 

Detail Description Paragraph : 

[0025] The illustrated suspension coordinator subsystem 22 apportions the 
suspension behavior modification demand from the vehicle motion control subsystem 
12 to a damping control subsystem 42 controlling damping of the suspension of the 
vehicle, a roll control subsystem 44 controlling roll of the vehicle and a leveling 
control subsystem 4 6 controlling a level of the vehicle. The damping control 
subsystem 42 controlling damping of the suspension of the vehicle, the roll control 
subsystem 44 and the leveling control subsystem 4 6 primarily move the vehicle in 
the heave direction as well as affect motion of the vehicle in other directions. 
The actuator control subsystems 26 listed above are illustrative, and not 
exhaustive, of the actuator control subsystems 26 that can be used in the vehicle 
control system. For example, a tire pressure control subsystem functionally located 
below the suspension coordinator subsystem 22 can also be employed. 

Detail Description Paragraph : 

[0036] The illustrated vehicle control system of the present invention enhances the 
performance of the vehicle by distributing commands from the vehicle motion control 
subsystem 12 to the coordinator subsystems 16 based upon physical capabilities of 
the actuator control subsystems 26. Referring to FIGS. 5A and 5B, a method 50 of 
controlling a vehicle with the vehicle control system is shown. Beginning at step 
52 of the method 50 of controlling the vehicle, the driver inputs from the driver 
11 of the vehicle are inputted into the driver subsystem 15. The driver inputs are 
processed as discussed above and then sent to the active assist subsystem 17 at 
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step 54 . 

Detail Description Paragraph : 

[0038] The next three steps in the method of controlling a vehicle occur 
continuously, even if the intended driving demand 14 is not being input into the 
vehicle motion control subsystem 12. First, the vehicle state measurements are 
inputted into the vehicle motion control subsystem 12 from the vehicle state 
estimator 28 and data therefrom is transferred to each control tier in the vehicle 
control system at step 62. Second, the coordinator subsystems 16 will determine 
their capabilities at step 64 . As discussed in more detail below, the capabilities 
of each coordinator subsystem 16 are a combination of all of the capabilities of 
the actuator control subsystems 26 functionally located under each coordinator 
subsystem 16 as determined by the data of the vehicle state measurements and 
measurements from actuator state estimators communicating with each actuator 
control subsystem 26. For example, a first one of the coordinator subsystems 16 can 
be the drive train and brakes coordinator subsystem 20 determining that it is 
capable of providing up to 3.0 Newton meters of braking wheel torque as measured by 
a combination of the braking wheel torque capabilities of the actuator control - 
subsystems 26 communicating with the drive train and brakes coordinator subsystem 
20. Although the drive train and brakes coordinator subsystem 20 is used in the 
above example, the coordinator subsystems 16 in step 64 could be any of the 
coordinator subsystems 16. Third, the coordinator subsystems 16 will output their 
capabilities to the vehicle motion control subsystem 12 at step 66. 

Detail Description Paragraph : 

[0039] After the intended driving demand 14 has been input into the vehicle motion 
control subsystem 12 at step 58 or 60, the vehicle motion control subsystem 12 will 
calculate at least one of a first demand signal, a second demand signal and a third 
demand signal at step 68. The calculation at step 68 is dependent on the 
capabilities of the first, second and third coordinator subsystems 16. The demand 
signals to the coordinator subsystems 16 will preferably not demand more from the 
coordinator subsystems 16 than a particular coordinator subsystem 16 is capable of 
providing as determined by the capability of the particular coordinator subsystem 
16. For example, if the steering coordinator subsystem 18 is only capable of 
providing 3.0 Newton meters of yaw torque by altering the angles of the wheels and 
the intended driving demand requires 3.5 Newton meters of yaw torque, the vehicle 
motion control subsystem 12 will calculate a first demand signal for the steering 
coordinator subsystem 18 for 3.0 Newton meters (or less) of yaw torque and will 
send out a second demand signal to the drive train and brakes coordinator 20 
requesting 0.5 Newton meters of yaw torque by instructing the drive train and 
brakes coordinator 20 to brake (braking wheel torque) one side of the vehicle (if 
possible) . Therefore, the vehicle motion control subsystem 12 can output the first 
demand signal, the second demand signal and/or the third demand signal to the 
steering coordinator subsystem 18, the drive train and brakes coordinator subsystem 
20 and the suspension coordinator subsystem 22, respectively, to accomplish the 3.5 
Newton meters of yaw torque. Preferably, the vehicle motion control subsystem 12 
will send out demand signals that do not require the coordinator subsystems 16 to 
perform up to their full capabilities . Therefore, the demand signals sent to each 
coordinator subsystem 16 will depend on the capabilities of the coordinator 
subsystem 16 and/or the capabilities of the other coordinator subsystems 16. The 
demand signal sent to a first coordinator subsystem 16, when more than one demand 
signal is calculated, will depend on the demand signal sent to a second coordinator 
subsystem 16, which depends on the capabilities of the second coordinator subsystem 
16. 

Detail Description Paragraph : 

[0041] The illustrated suspension coordinator subsystem 22 of the present invention 
also enhances the performance of the suspension of the vehicle by distributing 
commands from the suspension coordinator subsystem 22 to the actuator control 
subsystems 26 functionally located below the suspension coordinator subsystem 22 
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based upon physical capabilities of the actuator control subsystems 26. Referring 
to FIG. 6, a method 200 of controlling a suspension of a vehicle with the 
suspension coordinator subsystem 22 subsystem is shown. Beginning at step 202 of 
the method 200 of controlling the suspension of the vehicle, the suspension 
behavior modification demand signal is inputted into the suspension coordinator 
subsystem 22. The suspension behavior modification demand signal is a signal sent 
to the suspension coordinator subsystem 22 directing the suspension coordinator 
subsystem 22 to perform a particular behavior modification of the suspension of the 
vehicle (i.e., the suspension behavior modification). 

Detail Description Paragraph : 

[0042] The actuator control subsystems 26 receive the vehicle state measurements 
from the vehicle state estimator 28 (via the motion control subsystem 12 and the 
suspension coordinator subsystem 22) that provide the state of the vehicle and 
actuator state measurements from an actuator state estimator that provide the state 
of the actuators at step 204. As seen in FIG. 1, the vehicle state measurements are 
preferably transferred to the actuator control subsystems 26 through the vehicle 
motion control subsystem 12 and the suspension coordinator subsystem 22, although 
it is contemplated that the vehicle state measurements could be directly inputted 
into the actuator control subsystems 26. The actuator state measurements are 
preferably inputted directly into the actuator control subsystems 26. After the 
vehicle state measurements and actuator state measurements are inputted into the 
actuator control subsystems 2 6, the actuator control subsystems 26 will determine 
their capabilities to perform functions with the vehicle in the state of the 
vehicle state measurements and actuator state measurements at step 206. The vehicle 
state measurements are used to determine the capabilities of the actuator control 
subsystems 26 because the vehicle state measurements will communicate the speed of 
the vehicle, the movement of the vehicle in six directions, etc. to the actuator 
control subsystems 26, all of which are used along with the actuator state 
measurements (which provide the current state of the actuators of and controlled by 
the actuator control subsystems 26) to determine the capabilities of the actuator 
control subsystems 26. For example, a first actuator control subsystem 26 can be 
the leveling control subsystem 46 determining that it is capable of providing up to 
3.0 Newtons of vertical force as determined by the load of the vehicle (a vehicle 
state measurement) and possible air input into an air-suspension level-control 
system (an actuator state measurement) . Although the leveling actuator control 
subsystem 4 6 is used in the above example, the actuator control subsystem 26 could 
be any of the actuator control subsystems 26 under the suspension coordinator 
subsystem 22. Furthermore, although the step 202 of inputting the suspension 
behavior modification demand into the suspension coordinator subsystem 22 is shown 
as occurring before the step 204 of receiving the vehicle state measurements and 
the actuator state measurements by the first actuator control subsystem 26 and the 
step 206 of determining the actuator capabilities of the actuator control 
subsystems 26, steps 204 and 206 can occur simultaneously to or before the step 202 
of inputting the suspension behavior modification demand into the suspension 
coordinator subsystem 22. Preferably, both steps 204 and 206 will occur 
continuously in the vehicle control system. 

Detail Description Paragraph : 

[0043] After the actuator control subsystems 26 have determined their capabilities. 
each actuator control subsystem 26 will output a capability signal to the 
suspension coordinator subsystem 22 communicating the capabilities of each actuator 
control subsystem 26 at step 208. At this point, the suspension coordinator 
subsystem 22 will then calculate at least one partial suspension behavior 
modification demand signal at step 210 (along with combining the capabilities of 
the actuator control system 26 to form the coordinator capability of the suspension 
coordinator subsystem 22 for reporting to the vehicle motion control subsystem 12 
as discussed above) . A first partial suspension behavior modification demand signal 
will tell a first actuator control subsystem 26 to perform within its first 
capabilities. Likewise, a second partial suspension behavior modification demand 



http://jupiter2:9000/bin/gate.exe?f^doc&state=8hiagc.l4.1&ESNAME=KMC&p_^ 8/29/06 



Record Display Form 



Page 6 of 9 



signal will tell a second actuator control subsystem 26 to perform within its 
second capabilities. Moreover, a third partial suspension behavior modification 
demand signal will tell a third actuator control subsystem 26 to perform within its 
third capabilities. Consequently, the first partial suspension behavior 
modification demand signal, the second partial suspension behavior modification 
demand signal and/or the third partial suspension behavior modification demand 
signal will provide directions for a first actuator control subsystem 26, the 
second actuator control subsystem 26 and/or the third actuator control subsystem 
26, respectively, to perform the suspension behavior modification of the suspension 
behavior modification demand signal. Furthermore, the first partial suspension 
behavior modification demand signal, the second partial suspension behavior 
modification demand signal and the third partial suspension behavior modification 
demand signal are therefore calculated according to the first capabilities of the 
first actuator control subsystem 26, the second capabilities of the second actuator 
control subsystem 26 and/or the third capabilities of the third actuator control 
subsystem 26. For example, if the suspension behavior modification demand signal 
requires more from a single actuator control subsystem than it is capable of 
providing (as ^ determined by its capabilities), more than one partial suspension 
behavior modification demand signal will be calculated, with a first partial 
suspension behavior modification demand signal being determined according to the 
capabilities of a first actuator control system (i.e., requesting the first 
actuator control system to perform within its capabilities) and a second partial 
suspension behavior modification demand signal that depends on the capabilities of 
the first actuator control subsystem (a suspension behavior modification demand of 
the suspension behavior modification demand signal remaining after the first 
partial suspension behavior modification demand signal is removed) . 

Detail Description Paragraph : 

[0045] The illustrated drive train and brakes coordinator subsystem 22 of the 
present invention also enhances the performance of the drive train and brakes of 
the vehicle by distributing commands from the drive train and brakes coordinator 
subsystem 22 to the actuator control subsystems 2 6 based upon physical capabilities 
of the actuator control subsystems 26 functionally located below the drive train 
and brakes coordinator subsystem 22. Referring to FIG. 7, a method 300 of 
controlling a drive train and brakes of a vehicle with the drive train and brakes 
coordination 22 subsystem is shown. Beginning at step 302 of the method 300 of 
controlling the drive train and brakes of the vehicle, the drive train and brakes 
behavior modification demand signal is inputted into the drive train and brakes 
coordinator subsystem 22. The drive train and brakes behavior modification demand 
signal is a signal sent to the drive train and brakes coordinator subsystem 22 
directing the drive train and brakes coordinator subsystem 22 to perform a 
particular behavior modification of the drive train and brakes of the vehicle 
(i.e., the drive train and brakes behavior modification). 

Detail Description Paragraph : 

[004 6] The actuator control subsystems 26 receive the vehicle state measurements 
from the vehicle state estimator 28 (via the motion control subsystem 12 and the 
drive train and brakes coordinator subsystem 22) that provide the state of the 
vehicle and actuator state measurements from an actuator state estimator that 
provide the state of the actuators at step 304. As seen in FIG. 1, the vehicle 
state measurements are preferably transferred to the actuator control subsystems 26 
through the vehicle motion control subsystem 12 and the drive train and brakes 
coordinator subsystem 22, although it is contemplated that the vehicle state 
measurements could be directly inputted into the actuator control subsystems 26. 
The actuator state measurements are preferably inputted directly into the actuator 
control subsystems 26. After the vehicle state measurements and actuator state 
measurements are inputted into the actuator control subsystems 26, the actuator 
control subsystems 26 will determine their capabilities to perform functions with 
the vehicle in the state of the vehicle state measurements and actuator state 
measurements at step 306. The vehicle state measurements are used to determine the 
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capabilities of the actuator control subsystems 26 because the vehicle state 
measurements will communicate the speed of the vehicle, the movement of the vehicle 
in six directions, etc. to the actuator control subsystems 26, all of which are 
used along with the actuator state measurements (which provide the current state of 
the actuators of and controlled by the actuator control subsystems 26) to determine 
the capabilities of the actuator control subsystems 26. For example, a first 
actuator control subsystem 26 can be the engine control subsystem 36 determining 
that it is capable of providing up to 3.0 Newton meters of wheel torque as 
determined by the speed of the vehicle (a vehicle state measurement) and possible 
fuel input into an engine (an actuator state measurement) . Although the engine 
control subsystem 36 is used in the above example, the actuator control subsystem 
26 could be any of the actuator control subsystems 26 under the drive train and 
brakes coordinator subsystem 22. Furthermore, although the step 302 of inputting 
the drive train and brakes behavior modification demand into the drive train and 
brakes coordinator subsystem 22 is shown as occurring before the step 304 of 
receiving the vehicle state measurements and the actuator state measurements by the 
first actuator control subsystem 26 and the step 306 of determining the actuator 
capabilities of the actuator control subsystems 26, steps 304 and 306 can occur 
simultaneously to or before the step of inputting the drive train and brakes 
behavior modification demand into the drive train and brakes coordinator subsystem 
22. Preferably, both steps 304 and 306 will occur continuously in the vehicle 
control system. 

Detail Description Paragraph : 

[0047] After the actuator control subsystems 26 have determined their capabilities, 
each actuator control subsystem 26 will output a capability signal to the drive 
train and brakes coordinator subsystem 22 communicating the capabilities of each 
actuator control subsystem 26 at step 308. At this point, the drive train and 
brakes coordinator subsystem 22 will then calculate at least one partial drive 
train and brakes behavior modification demand signal at step 310 (along with 
combining the capabilities of the actuator control system 26 to form the 
coordinator capability of the drive train and brakes coordinator subsystem 22 for 
reporting to the vehicle motion control subsystem 12 as discussed above) . A first 
partial drive train and brakes behavior modification demand signal will tell a 
first actuator control subsystem 26 to perform within its first capabilities. 
Likewise, a second partial drive train and brakes behavior modification demand 
signal will tell a second actuator control subsystem 2 6 to perform within its 
second capabilities. Moreover, a third partial drive train and brakes behavior 
modification demand signal will tell a third actuator control subsystem 26 to 
perform within its third capabilities. Consequently, the first partial drive train 
and brakes behavior modification demand signal, the second partial drive train and 
brakes behavior modification demand signal and/or the third partial drive train and 
brakes behavior modification demand signal will provide directions for a first 
actuator control subsystem 26, the second actuator control subsystem 26 and/or the 
third actuator control subsystem 26, respectively, to perform the drive train and 
brakes behavior modification of the drive train and brakes behavior modification 
demand signal. Furthermore, the first partial drive train and brakes behavior 
modification demand signal, the second partial drive train and brakes behavior 
modification demand signal and the third partial drive train and brakes behavior 
modification demand signal are therefore calculated according to the first 
capabilities of the first actuator control subsystem 26, the second capabilities of 
the second actuator control subsystem 26 and the third capabilities of the third 
actuator control subsystem 26. For example, if the drive train and brakes behavior 
modification demand signal requires more from a single actuator control subsystem 
than it is capable of providing (as determined by its capabilities), more than one 
partial drive train and brakes behavior modification demand signal will be 
calculated, with a first partial drive train and brakes behavior modification 
demand signal being determined according to the capabilities of a first actuator 
control system (i.e., requesting the first actuator control system to perform 
within its capabilities) and a second partial drive train and brakes behavior 
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modification demand signal that depends on the capabilities of the first actuator 
control subsystem (a drive train and brakes behavior modification demand of the 
drive train and brakes behavior modification demand signal remaining after the 
first partial drive train and brakes behavior modification demand is removed) . 

CLAIMS : 

1. A method of controlling a vehicle comprising: inputting an intended driving 

demand to a vehicle motion control subsystem, the intended driving demand 
requesting a vehicle behavior modification; proving a plurality of coordinator 
subsystems; providing at least one actuator control subsystem for each coordinator 
subsystem; outputting actuator capabilities of the at least one actuator control 
subsystem to an associated one of the plurality of coordinator subsystems; 
outputting coordinator capabilities of each coordinator subsystem to the vehicle 
motion control subsystem; calculating at least one coordinator demand signal with 
the vehicle motion control subsystem, the at least one coordinator demand signal 
being determined according to the coordinator capabilities and the intended driving' 
demand; outputting the at least one coordinator demand signal to at least one of 
the coordinator subsystems; calculating at least one actuator demand signal with 
each of the at least one of the coordinator subsystems, the at least one actuator 
demand signal being determined according to the actuator capabilities and the at 
least one coordinator demand signal outputted to the at least one of the 
coordinator subsystems; and outputting the at least one actuator demand signal to 
the at least one actuator control subsystem; wherein a combination of each at least 
one actuator demand signal provides directions for the at least one actuator 
control subsystem to perform the vehicle behavior modification of the intended 
driving demand. 

7. The method of controlling a vehicle of claim 6, wherein: the coordinator 
capabilities for the associated one of the plurality of coordinator subsystems are 
determined according to the actuator capabilities of the at least one actuator 
control subsystem outputting the actuator capabilities to the associated one of the 
plurality of coordinator subsystems. 

8. A vehicle control system comprising: a vehicle motion control subsystem having a 
control input and a control output, the control input communicating an intended 
driving demand to the vehicle motion control subsystem, the intended driving demand 
requesting a vehicle behavior modification; a plurality of coordinator subsystems, 
each coordinator subsystem including a coordinator input and a coordinator output, 
each coordinator subsystem communicating coordinator capabilities of the 
coordinator subsystem to the system input of the vehicle motion control subsystem; 
and at least one actuator control subsystem for each coordinator subsystem, each 
actuator control subsystem having an actuator output communicating actuator 
capabilities of the actuator control subsystem to the coordinator input of an 
associated one of the plurality of coordinator subsystems; wherein the vehicle 
motion control subsystem calculates at least one coordinator demand signal, the at 
least one coordinator demand signal being determined according to the coordinator 
capabilities and the intended driving demand; wherein the vehicle motion control 
subsystem outputs the at least one coordinator demand signal to the coordinator 
input of at least one of the coordinator subsystems; wherein each coordinator 
subsystem calculates at least one actuator demand signal, the at least one actuator 
demand signal being determined according to the actuator capabilities and the at 
least one coordinator demand signal outputted to the at least one of the 
coordinator subsystems; wherein each coordinator subsystem outputs the at least one 
actuator demand signal to at least one actuator control subsystem; and wherein a 
combination of each at least one actuator demand signal provides directions for the 
at least one actuator control subsystem to perform the vehicle behavior 
modification of the intended driving demand. 

14. The vehicle control system of claim 13, wherein: the coordinator capabilities 
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for the associated one of the plurality of coordinator subsystems are determined 
according to the actuator capabilities of the at least one actuator control 
subsystem outputting the actuator capabilities to the associated one of the 
plurality of coordinator subsystems. 

16. The method of controller a vehicle of claim 15, wherein: the implementation 
subsystem includes a plurality coordinator subsystems and at least one actuator 
control subsystem for each coordinator subsystem; and further including the steps 
of: outputting actuator capabilities of the at least one actuator control subsystem 
to an associated one of the plurality of coordinator subsystems; outputting 
coordinator capabilities of each coordinator subsystem to the vehicle motion 
control subsystem; calculating at least one coordinator demand signal with the 
vehicle motion control subsystem, the at least one coordinator demand signal being 
determined according to the coordinator capabilities and the intended driving 
demand; the step of outputting at least a portion of the intended driving demand 
includes outputting the at least one coordinator demand signal to at least one of 
the coordinator subsystems; calculating at least one actuator demand signal with 
each of the at least one of the the coordinator subsystems, the at least one 
actuator demand signal being determined according to the actuator capabilities and 
the at least one coordinator demand signal outputted to the at least one of the 
coordinator subsystem; and outputting the at least one actuator demand signal to 
the at least one actuator control subsystem; wherein the at least one actuator 
demand signal provides directions for the at least one actuator control subsystem 
to perform the vehicle behavior modification of the intended driving demand. 

18. The method of controlling a vehicle of claim 17, wherein: the coordinator 
capabilities for the associated one of the plurality of coordinator subsystems are 
determined according to the actuator capabilities of the at least one actuator 
control subsystem outputting the actuator capabilities to the associated one of the 
plurality of coordinator subsystems. 
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